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234 SOLUTIONS OF PEOBLEMS 

Solution by B. L. Libby, Ann Arbor, Mich. 

Using the notations indicated in the figure, we have the resultant force 
acting upwards 

* h 

The acceleration required is therefore given by 

_ fl - mgh 
ml 

Hence dl/dt = (fl — mgh/ml)t, and I = (fl — mgh/2ml)f, from which 

f = 2ml 2 /(fl - mgh). 




Differentiating, we have 



dt mfp — 2m 2 ghl 



dl (fl — mgh) 
The usual test for a minimum for t gives 

Z = ^ and t -»-\W. 



= 2m^ 



f 
Also solved by Horace Olson and P. Penalver. 

347. Proposed by B. D. carmichael, Indiana Univ. 

Show that the differential equation 

(dzyydfy _ ®y d?y d*y (dW = 

\dx 2 ) dx s dtf dx s dx i """ WW 

remains unchanged when the variables x and y undergo any projective transformation. 

Solution by A. M. Harding, University of Ark. 

Any projective transformation can be reduced to a succession of integral 
transformations of the form 

x = aX+bY + c, y = a x X + hY + c u (1) 

combined with the particular transformation 

_ A _ X. 

X ~X' y ~X' 

Hence it will be sufficient to show that the given equation remains invariant 
under each of these transformations. From (1) we find 

, _ ai + hY' „ _ (ah-ajyr ,„ _ (ab 1 -a 1 b)[(a + b Y f )Y'"-Sb(Y"n 
y ~a+bY'' y ~ (a+bY') s ' y " (a+bY'f 
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. {ah - ai b)[(a + bY'fT- - 106 (a + bY')Y"Y'" + 15b\Y") z ] 
y " ~ ~ __ " (a + bY'Y 

[105(o + bY')b\Y"fY"' - 1056 3 (F") 3 ] 
(abi - aib)[(a + bY'fY- - lhb{a + bY') 2 Y"Y*-10b(a+bY')\Y'") 2 + 
r ~ (a + bY'y 

From (2) we find 

y' = Y - XT, y" = X S Y", y'" = - X\ZY" + XT"), 

y* = X 6 [12Y" + 8XY'" + X 2 F-] 

y y = - Z 6 [607" + mXY'" + 15Z 2 F- + X S Y-]. 

It can be easily shown by substitution that each transformation leaves the given 
equation invariant. 

Also solved by J. W. Clawson and Geo. W. Hartwell. 

349. Proposed by C. N. SCHMALL, New York City. 

If y = a cos (log x) + b sin (log x), eliminate the constants a and 6 and obtain the equation 

Solution by C. C. Steck, New Hampshire State College. 
By differentiating the equation y = a cos (log x) + b sin (log x), we obtain 

'~r~ = — a sin (log x) + b cos (log x). 

Differentiating this and multiplying the resulting equation by x, we get 

Trd v xdv 

—YY + -f~ = — a cos (log x) — b sin (log x) = — y. 

From the last two equations readily follows the desired result 

xWy xdy 

-dx^ + lx +y= °- 

Also solved by M. E. Graber, J. B. Smith, J. W. Clawson, P. Penalver, C. Hornung, 
Elmer Schuyler, A. M. Harding, W. W. Beman, A. L. McCarty, H. L. Slobin, Clifford N. 
Mills, Francis Rust, I. A. Barnett, F. C. Reisler, G. W. Hartwell, S. W. Reaves, Richard 
Morris, Albert R. Nauer, Barnem Libby, and Walter C. Eells. 

351. Proposed by C. N. schmall, New York City. 

In the ellipse (x 2 /a 2 ) + (2/ 2 /6 2 ) = 1 are given e the eccentricity, and the angle <p which the 
normal at any point P (on the curve) makes with the major axis. If R is the radius of curvature 
at P prove that 

ff - ad - e 2 ) 

a (1 - e 2 sin 2 <p)i ' 



